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(54) FREEZE CHUCK TYPE MACHINING METHOD 

(57) The invention relates to an improved method 
for chucking and machining a workpiece using a freez- 
ing type chuck device. A macromolecular freezing agent 
whose freezing point is higher than that of water is inter- 
posed at least between a workpiece and a fixing sur- 
face, and the workpiece is fixed using this 
macromolecular freezing agent as an adhesive medium 
by cooGng the fixing surface. The macromolecular freez- 
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ing agent may be a liquid, a cream or a paste, and is 
typically silicone oil based. The workpiece may be 
directly fixed to the fixing surface of a freezing type 
chuck device by the macromolecular freezing agent or 
alternatively the workpiece may be fixed to a pallet by 
the macromolecular freezing agent and the pallet may 
be fixed to the fixing surface. 
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Description 

Background of the Invention 

This Invention relates to a freezing chuck type 5 
machining method, and particularly to a method for fix- 
ing a workpiece in position by freezing a chucking 
medium. 

When carrying out machining such as milling, 
grinding, turning, polishing, cutting, dicing, boring or 10 
engraving on a workpiece it is necessary to firmly fix 
(chuck) the workpiece to a machine tool table. 

Conventionally, a magnetic chuck, a vacuum chuck 
or a vice has been used for this workpiece fixing, but 
there are limits on the materials and shapes of work- is 
piece that can be chucked with these chucking devices, 
and there has been the problem that when the work- 
piece is thin or fragile or of a complex shape it is not 
possible to fix the workpiece certainly and stably. 

As a solution to this, freezing chuck methods and 20 
devices using ice as an adhesive medium have been 
proposed. In this related art technology, water is coated 
in spray form onto a freezing plate made of a material 
having good thermal conductivity such as copper, a 
workpiece is placed on this and then the temperature of 25 
the top face of the freezing plate is reduced to below 
0°C by a current being passed through thermoelements 
disposed below the freezing plate and the water is 
thereby frozen and the work is fixed by a film of ice. 

However, with this related art technology there have 30 
still been the following kinds of problem. 

(1) It is difficult or impossible to machine using a 
machining liquid. 

Heat of working produced between the work- 35 
piece and the tool during machining can severely 
damage the machined surfaces and also shorten 
the life of the tool. To avoid this, also in this method 
wherein the workpiece is f ixed by freezing, it is pref- 
erable to use a machining liquid or a coolant Oquid 40 
(hereinafter both referred to with the term machin- 
ing liquid) as is done in general machining meth- 
ods. However, the temperature of the machining 
liquid generally is higher than the temperature of 
the ice fixing the workpiece. Consequently, when 45 
machining liquid is supplied to the machining point 
the ice f ilm is melted, and this is extremely danger- 
ous because during machining the workpiece not 
only detaches from the fixing surface so that 
machining becomes impossible but also f Ges off the so 
table. 

When to avoid this a water-soluble machining 
liquid containing an antifreeze is used and this is 
cooled to below freezing point before use. because 
ice has a strong affinity for water the machining liq- 55 
uid still tends to melt the ice fixing the workpiece 
and releasing of the fixing of the workpiece readily 
occurs. For these reasons, in practice it has only 
been possible to apply freezing type chuck meth- 



ods of the related art to dry machining, wherein no 
machining Squid is used. 

(2) Movement of the tool tends to be obstructed by 
ice laminating onto the workpiece during machin- 
ing. 

For example when cutting or dicing of a work- 
piece is carried out water from a water-soluble 
machining liquid or from the air freezes and forms a 
layer of ice on the workpiece during machining. 
Because this ice makes contact with the tool flange 
or mandrel and obstructs the movement of the tool, 
accurate machining becomes difficult and trouble 
such as damage to the tool or the main spindle has 
tended to occur. 

(3) Compared with ordinary chucking means, the 
workpiece chucking and removal efficiency is poor 
and also the cost is high. 

In the related art technology, water is frozen and the 
workpiece is fixed by a film of ice, but in practice it has 
not been possfole to obtain a sufficient fixing strength 
without reducing the temperature of the top surface of 
the freezing plate to a temperature lower than -5°C, for 
example -10°C, and it has not been possible to remove 
the workpiece after machining without raising this tem- 
perature to above 0°C. Consequently, a long time of one 
to three minutes has been required for fixing of the 
workpiece on the freezing plate and also for removing 
the workpiece from the freezing plate. 

As ways of overcoming this, conventionally the fol- 
lowing kinds of method have been adopted. That is. a 
freezing chuck device additionally provided with a vac- 
uum chuck function and a freezing chuck device not 
having a vacuum chuck function have been used and 
the former has been disposed on the table of the 
machine tool and the latter has been disposed off the 
machine tool. Several aluminum adaptor plates have 
been prepared in addition to these two freezing chuck 
devices, and a cycle wherein while a workpiece being 
machined is held using the freezing chuck device on the 
machine the next workpiece is fixed to an adaptor plate 
has been adopted. 

That is, first, a fflm of antifreeze is formed on the top 
of the freezing plate of the freezing chuck device off the 
machine tool, water is coated onto the top of an adaptor 
plate placed on this and a workpiece is placed on this 
water, the freezing chuck device is then operated and 
the workpiece is thereby f ixed in advance to the adaptor 
plate by freezing and is held on stanctoy in this state. 
Then, when the machining of the workpiece on the 
machine tool has been finished the vacuum chuck of the 
freezing chuck device on the machine tool is operated to 
release an adaptor plate which had been f ixed to that 
freezing chuck device by the vacuum chuck and the 
adaptor plate standing by as described above is placed 
on the freezing plate (on the top of which has been laid 
a film of antifreeze) of the freezing chuck device on the 
machine tool and fixed to this freezing plate by the vac- 
uum chuck being operated. 
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However, with this method, two expensive devices, 
one for on the machine tool and one for off the machine 
tool, each essentially comprising a freezing plate, a 
thermoelement for reducing the temperature of the top 
surface of the freezing plate to a low temperature below 5 
-5°C, a plastic body provided with a cooling water pas- 
sage for removing heat from the thermoelement and a 
mounting block on which the plastic body is mounted, 
are necessary. Consequently there has been the prob- 
lem that the equipment cost doubles and running costs 70 
such as the cost of electric power consumed are also 
high. Furthermore, if the freezing plate of the freezing 
chuck device is not cooled to a temperature below 0°C 
the workpiece slips out of position on the adaptor plate 
. and machining by automatic control becomes difficult 75 

Summary of the Invention 

It is therefore a basic object of the present invention 
to provide a practical freezing chuck type machining 20 
method with which even in temperature conditions 
above 0°C and in wet machining wherein a machining 
liquid is used it is possible to hold a workpiece firmly 
during machining and machine the workpiece highly 
accurately and yet workpi ece chucki ng and removal can 25 
be carried out simply and efficiently. 

It is another object of the invention to provide a 
freezing chuck type machining method with which it is 
possible to carry out sequential machining of a large 
number of workpieces efficiently and furthermore with 30 
cheap apparatus. 

To achieve the above-mentioned objects and other 
objects, the invention provides a freezing chuck type 
machining method comprising interposing a macromo- 
lecular freezing agent whose freezing point is higher 35 
than that of water at least between a workpiece and a 
fixing surface and fixing the worl^iece with the macro- 
molecular freezing agent as an adhesive medium by 
cooling the fixing surface. 

Also, the invention provides a freezing chuck type 40 
machining method for, using a pallet for supporting a 
workpiece and a freezing type chuck device having a 
fixing surface and means for controlling the temperature 
of the fixing surface, fixing the workpiece to the pallet 
and fixing the pallet to the freezing type chuck device 45 
and machining the workpiece, which method comprises 
interposing a rnacromolecular freezing agent whose 
freezing point is higher than that of water at least 
between the workpiece and the pallet and fixing the 
work with the rnacromolecular freezing agent as an so 
adhesive agent by cooling the pallet. 

The rnacromolecular freezing agent serving as a 
workpiece fixing element in this invention must have a 
low affinity for water and have good water repellency in 
addition to having a freezing point higher than that of 55 
water. Also, its specific gravity is preferably less than 
that of water. 

Examples of such rnacromolecular freezing agents 
include silicone oils such as low molecular weight sili- 



cone oil and cyclic silicone oil and agents having these 
as main components. 

This rnacromolecular freezing agent may be of any 
form, from liquid form to cream form (butter form) and 
paste form. A cream form or paste form freezing agent 
can be easily obtained by blending a viscosity adjuster 
(a thickener) consisting of solid particles into silicone oil. 
As the viscosity adjuster, powders and preferably fine 
powders of various substances can be used. 

Besides cases wherein a liquid rnacromolecular 
freezing agent or a cream or paste form rnacromolecu- 
lar freezing agent is used on its own, the invention also 
includes cases wherein rnacromolecular freezing 
agents of both these kinds are used together. When a 
cream or paste form rnacromolecular freezing agent is 
so coated that it connects the periphery of the work- 
piece and the fixing surface, the workpiece can be fixed 
very effectively. 

A workpiece machined according to the invention 
can be of any material, for example a metal such as 
iron, copper, aluminum, titanium, silicon, germanium, or 
plastic, glass, carbon, a ceramic, wood, or a composite 
of two or more of these, or quartz, diamond, CBN, ruby 
or sapphire, and can be of any shape and dimensions. 

The machining also can be any type of machining, 
for example any kind of grinding such as surface grind- 
ing, formation grinding, creep grinding and cylindrical 
grinding, and turning, polishing, cutting, slicing, dicing, 
milling, grooving, boring and engraving. 

When the machining is surface machining, the 
workpiece may be directly fixed to a f ixing surface or a 
pallet but in the case of cutting or boring or the like 
wherein the tool passes all the way through the work- 
piece, an allowance plate for preventing the tool from 
making contact with the workpiece fixing surface is 
interposed between the actual workpiece and the fixing 
surface. This invention includes such cases, and 
accordingly in the present application Vvorkpiece' is a 
concept including both of course actual workpieces that 
are objects of machining and workpieces consisting of a 
workpiece proper and an allowance plate. 

The invention also provides methods for carrying 
out sequential machining of a large number of work- 
pieces. 

A first such method comprises preparing at least 
first and second freezing type chuck devices each hav- 
ing a fixing surface and a cooling fluid passage for con- 
trolling the temperature of the fixing surface, disposing 
first and second circulating type cooling apparatuses for 
supplying cooling fluid on a machine tool and in a posi- 
tion off the machine tool, and sequentially repeating the 
following steps: 



a disposing a workpiece on the fixing surface of the 
first freezing type chuck device with a rnacromo- 
lecular freezing agent interposed between the fix- 
ing surface and the workpiece and connecting the 
f irst freezing type chuck device to the second circu- 
lating type coding apparatus disposed in a position 
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off the machine tool and fixing the workpiece to the 
first freezing type chuck device with the macromo- 
lecular freezing agent as an adhesive medium by 
cooling the macromolecular freezing agent to a 
temperature below its freezing point; 5 

b. detaching the first freezing type chuck device 
with the workpiece fixed thereto from the second 
circulating type cooling apparatus and moving the 
first freezing type chuck device onto a table of the 
machine tod and mechanically fixing it thereto and 10 
connecting it to the first circulating type cooling 
apparatus and carrying out machining while keep- 
ing the macromolecular freezing agent at a temper- 
ature below its freezing point; 

c. while carrying out said machining, disposing a 15 
workpiece to be machined next on the fixing surface 

of the second freezing type chuck device with a 
macromolecular freezing agent interposed 
between the fixing surface and the workpiece and 
connecting the second freezing type chuck device 20 
to the second circulating type cooling apparatus in 
a position off the machine tool and fixing the work- 
piece to the second freezing type chuck device with 
the macromolecular freezing agent as an adhesive 
medium by cooling the macromolecular freezing 25 
agent to a temperature below Hs freezing point; 

d. after said machining, detaching the first freezing 
type chuck device from the first circulating type 
cooling apparatus and removing it from the table of 
the machine tool and detaching the second freezing 30 
type chuck device from the second circulating type 
cooling apparatus and moving it onto the table of 
the machine tool and mechanically fixing h thereto 
and connecting it to the first circulating type cooling 
apparatus and carrying out the next machining 35 
while keeping the macromolecular freezing agent at 

a temperature below its freezing point 

A second method for carrying out sequential 
machining of a large number of workpieces provided by 40 
the invention comprises disposing on a machine tool a 
freezing type chuck device having a fixing surface and 
means for controlling the temperature of the fixing sur- 
face and disposing a precooler in a position off the 
machine tool and sequentially repeating the following 45 
steps using a plurality of pallets: 

a. disposing a workpiece on a first pallet with a 
macromolecular freezing agent interposed therebe- 
tween and placing the first pallet on the precooler so 
held at a temperature below the freezing point of 
the macromolecular freezing agent and thereby fix- 
ing the workpiece to the first pallet with the macro- 
molecular freezing agent as an adhesive medium; 

b. removing the first pallet with the workpiece fixed 55 
thereto from the precooler and fixing it to the fixing 
surface of the freezing type chuck device and carry- 
ing out machining; 

c. while carrying out said machining, placing a 



workpiece to be machined next on a second pallet 
with a macromolecular freezing agent interposed 
therebetween and placing the second pallet on the 
precooler and thereby cooling it and f ixing the work- 
j piece to the second pallet with the macromolecular 
•.!— freezing agent as an adhesive medium; 

d. after said machining, removing the first pallet 
from the freezing type chuck device and removing 
the second pallet from the precooler and fixing it to 
the fixing surface of the freezing type chuck device. 

The invention provides the following advantages. 
According to the invention, a macromolecular freez- 
ing agent whose freezing point is higher than that of 
water is disposed between a workpiece and a fixing sur- 
face or a pallet placed on a f ixing surface and the work- 
piece is fixed with this macromolecular freezing agent 
as an adhesive medium. ■. . .' 

As a result, not only of course when the fixing sur- 
face is at below 0°C but even when it is at a temperature 
above 0°C it is possible to obtain a fixing strength amply 
sufficient to withstand strong machining forces. Also, 
because the time required to f ix the workpiece by freez- 
ing is greatly reduced, it is possible to increase the effi- 
ciency of the workpiece f ixing operation. 

A macromolecular freezing agent whose freezing 
point is higher than that of water is used as the medium 
for holding the workpiece, and the macromolecular 
freezing agent has an extremely low affinity for water. 
As a result even if a water-soluble or oily machining liq- 
uid containing antifreeze is sprayed or blown onto the 
tool and the workpiece there is absolutely no risk of the 
macromolecular freezing agent being melted and there- 
fore there is no danger of the workpiece coming loose 
during machining and machining can be carried out 
safely. Also, because the medium fixing the workpiece 
does not melt even if machining liquid at a temperature 
above 0°C is directed at the machining point in a con- 
centrated manner, the effects of the machining liquid of 
removing heat of working, lubricating and removing 
chips and grindstone particles can be fully obtained, 
and it is possible to carry out accurate machining safely. 

Also, because the temperature at which the 
machining liquid is used can be made relatively high, a 
cooling apparatus of a small capacity is sufficient for 
cooling the machining liquid. Furthermore, because the 
temperature of the workpiece is lower than when an 
ordinary chucking method is used, the amount of 
machining liquid used can be made small and as a 
result it becomes possible to employ a system wherein 
the machining liquid is not circulated through a fitter and 
therefore fitter circulating feed equipment can also be 
dispensed with. Consequently, it is possible to reduce 
equipment costs. 

Also, because the macromolecular freezing agent 
has an extremely low affinity for water and is water 
repellent even when cutting, (ficing or sBtting is carried 
out on a silicon wafer or a metal plate or the like, the 
phenomenon of water from machining liquid or the air 
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freezing and forming a layer of ice on the surface of the 
workpiece and making contact with the tool flange or 
shaft directly above the tip, which has been a problem in 
cases wherein the workpiece is held with a film of ice, 
does not occur at all. Consequently, movement of the 5 
tool is always kept smooth and it is possible to cany out 
accurate machining smoothly. 

Also, because as described above it becomes pos- 
sible to use a machining liquid and fresh machining liq- 
uid can be supplied constantly to the area being 10 
machined to promote the removal of chips and 
detached grindstone particles, it is possible to make the 
finish of machined surfaces clean. 

When a cream form or paste form macromolecular 
freezing agent made by dispersing solid particles into a 15 
base component is used, when the base component 
freezes it forms not a thin f Dm but a block having a large 
volume, and also the solid particles work as a kind of 
aggregate. As a result, the adhesive holding strength 
with which the workpiece is held is very strong and even 20 
if the machining forces on the workpiece are large the 
workpiece can be kept in a stable fixed state. 

In particular, when a cream or paste form macro- 
molecular freezing agent is coated onto the periphery of 
the workpiece so that the lower part of the macromo- 25 
lecular freezing agent makes contact with the fixing sur- 
face and the macromolecular freezing agent is frozen in 
this state, because not only the bottom surface of the 
workpiece but also its periphery is held firmly by the 
rigid macromolecular freezing agent even when the 30 
workpiece is sliced it does not detach from the fixing 
surface. Also, when a cream form or paste form macro- 
molecular freezing agent is not only coated onto the 
periphery of the workpiece but also is coated so as to 
cover the top of the workpiece, slices of a sliced work- ss 
piece are strongly held by large-volume adhesive layers 
at both ends and a top surface layer connecting these 
like a bridge, and consequently even if the slices are 
thin they do not detach from the fixing surface and are 
kept in a stable state. This state is shown in Fig. 13-B 40 
and Fig. 13-C. 

Also, whereas with conventional freezing chuck 
methods using ice it has taken a long time to chuck and 
remove the workpiece because in practice a sufficient 
fixing strength cannot be obtained unless the tempera- 45 
ture of the ice is reduced to below -10°C, because the 
freezing point of the macromolecular freezing agent is 
higher than that of water it is possible to fix the work- 
piece to a fixing surface or a pallet even at a tempera- 
ture above 0°C and the temperature difference for so 
chucking and removing the workpiece can be a small 
range of 5 or 6°C. 

As a result of this it becomes possible to use a 
freezing type chuck device only capable of cooling to 
about 0 to 3°C, and the means for reducing the temper- ss 
ature of the fixing surface is not Gmited to thermoele- 
ments and can instead be a fluid such as water. In this 
case, because the freezing type chuck device need only 
be provided with a passage for the cooling fluid to flow 



through, it can be made a thin and light plate-shaped 
device so that it does not obstruct the movement of the 
tool when disposed on the table of the machine tool. 
- Therefore, when successively machining a large 
number of workpieces, if the above-mentioned first 
method is employed, without needing pallets it is possi- 
ble to interchange freezing type chuck devices them- 
selves as interchangeable jigs on the table of a machine 
tool, and workpieces can be simply and efficiently inter- 
changed just by instantaneously connecting and dis- 
connecting the freezing type chuck devices with respect 
to circulating type cooling apparatuses on and off the 
machine tool using quick connecting couplings. Work- 
pieces having been machined can be removed from the 
machine tool while still fixed to the fixing surface of the 
freezing type chuck device, and subsequent handling is 
therefore easy. 

Also when the above-mentioned second method is 
employed, the time required for chucking and removing 
workpieces with respect to the freezing type chuck 
device can be greatly reduced. In the case of this sec- 
ond method, all that is needed is one freezing type 
chuck device mounted on the machine tool and a pre- 
cooler off the machine tool capable of cooling down to 
about 2 or 3°C at the most, and a simple fluid circulating 
type precooler can be used for this. Therefore, in the 
case of this pallet circulating method also it is possible 
to greatly reduce apparatus costs. 

When the macromolecular freezing agent (includ- 
ing cream or paste form agents in which viscosity 
adjusters having particularly high specific gravities are 
not blended) used in the invention has the property that 
its specific gravity is less than that of water, processing 
after use is also easy. 

That is, if used macromolecular freezing agent only 
or this and the workpiece are put in water (which may 
contain other substances such as antifreeze) at a tem- 
perature higher than the freezing point of the macromo- 
lecular freezing agent, the macromolecular freezing 
agent separates from the water and floats on the sur- 
face of the water and this floating macromolecular freez- 
ing agent can be easily recovered by being poured into 
a tank containing water at a temperature lower than the 
freezing point of the macromolecular freezing agent. If 
this method is used, washing off of chips and the like 
adhered to the workpiece and recovery of the macromo- 
lecular freezing agent can be earned out by simple and 
cheap means. 

Brief Descri ption of the Drawings 

Fig. 1 is a view illustrating a first example of a freez- 
ing chuck type machining method according to the 
invention; 

Fig. 2 is a sectional view of another example of a 
freezing type chuck device shown in Fig. 1 ; 
Fig. 3 is a view illustrating a second example of a 
freezing chuck type machining method according to 
the invention; 
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Fig. 4-A is a sectional view of a different version of 
the apparatus shown in Fig. 3; 
Fig. 4-B is a plan view of the apparatus shown in 
Fig. 4-A; 

Fig. 5-A is a sectional view showing a workpiece s 
being fitted to a fixing surface plate in a case 
wherein a liquid macromolecular freezing agent is 
used;- - 

Fig. 5-B is a sectional view showing this workpiece 
being machined; 10 
Fig. 5-C is a view illustrating the state of this work- 
piece on completion of machining and illustrating 
recovery of the macromolecular freezing agent; 
Fig. 6-A is a sectional view showing another exam- 
ple of a state of fixing of a workpiece with a macro- is 
molecular freezing agent; 

Fig. 6-B is a sectional view showing another exam- 
ple of a state of fixing of a workpiece with a macro- 
molecular freezing agent; 

Fig. 6-C is a sectional view showing another exam- 20 
pie of a state of fixing of a workpiece with a macro- 
molecular freezing agent; 

Fig. 6-D is a sectional view showing another exam- 
ple of a state of fixing of a workpiece with a macro- 
molecular freezing agent; 25 
Fig. 7-A is a sectional view showing an example of 
a state of fixing of a workpiece with a macromolecu- 
lar freezing agent in a case wherein an allowance 
plate is used; 

Fig. 7-B is a sectional view showing another exam- 30 
pie of a state of fixing of a workpiece with a macro- 
molecular freezing agent in a case wherein an 
allowance plate is used; 

Fig. 7-C is a sectional view showing another exam- 
ple of a state of fixing of a workpiece with a macro- 35 
molecular freezing agent in a case wherein an 
allowance plate is used; 

Fig. 8-A is a view illustrating an initial stage in the 
machining of preceding workpieces in a case 
wherein the invention is applied to sequential ao 
machining according to a second method; 
Fig. 8-B is a view illustrating an intermediate stage 
in the machining of these preceding workpieces; 
Fig. 8-C is a view illustrating the preceding work- 
pieces being interchanged with following work- 45 
pieces; 

Fig. 8-D is a view illustrating an example of a 

method for recovering macromolecular freezing 

agent and washing workpieces; 

Fig. 9 is a view illustrating an initial stage in the so 

machining of a preceding workpiece in an example 

wherein the invention is applied to sequential 

machining according to a first method; 

Fig. 10-A is a perspective view showing the shape 

and dimensions of a workpiece in a preferred ss 

embodiment of the invention; 

Fig. 10-B is a perspective view showing the shape 

and dimensions of a workpiece in another preferred 

embodiment of the invention; 



Fig. 1 1 -A is a perspective view showing the shape 
of a worlqjiece before "it is machined in another pre- 
ferred embodiment of the invention; . 
Fig. 1 1-B is a front view showing the dimensions of 
the wort^iece shown in Fig. 1 1 ^A; 
Fig. 11 -C is a plan view showing the dimensions of 
the wortqaiece shown in Fig. 11 -A; . 
Fig. 1 1-D is a perspective view showing the work- 
piece shown in Fig. 11 -A after "it is machined; 
Fig. 1 1-E is a front view of the workpiece shown in 
Fig. 11-D; 

Fig. 1 2-A is a sectional side view showing the work- 
piece of Fig. 1 1 -A being machined; 
Fig. 12-B is a front view showing the workpiece of 
Fig. 1 1 -A being machined; 
Fig. 13- A is a sectional side view showing a work- 
piece being machined in another preferred embod- 
iment of the invention; 

Fig. 13-B is a partially sectional side view showing 
enlarged the state of the workpiece of Fig. 13- A; 
and 

Fig. 13-C is a sectional view on the line X-X in Rg. 
13-B. . 

Detailed Description of the Preferred Embodiments 

Rg. 1 illustrates a first example of a freezing chuck 
type machining method according to the invention. In 
this example, machining is carried out with a workpiece 
directly fixed to a fixing surface. The reference numeral 
1 denotes a work table; 2 a tool such as a grinding 
wheel, a cutting tool, a reamer, a drill or a tap; 3 machin- 
ing liquid supplying means; and 5 a workpiece. 

The reference numeral 4 denotes a freezing type 
chuck device made up of a base 4a mounted on the 
work table 1, a support plate 4b fixed to the top of this, 
a fixing surface plate 4c fixed to the support plate 4b 
and having a fixing surface 40 on its upper face, and 
temperature controlling means 4d disposed on the 
lower face side of the fixing surface plate 4c for raising 
and lowering the temperature of the fixing surface plate 
4c. 

"The reference numeral 6 denotes a macromolecu- 
lar freezing agent interposed between the workpiece 5 
and the fixing surface 40. 

The base 4a is made of a material having high 
strength, for example stainless steel, and the support 
plate 4b is made of a material having good thermal insu- 
lativrty and good electrical insulativity, for example plas- 
tic. The fixing surface plate 4c is made of a material 
having good thermal conductivity, for example copper, 
aluminum or aluminum nitride. 

The temperature controlling means 4d for control- 
ling the temperature of the fixing surface plate 4c may 
be any suitable means. In this example a plurality of 
thermoelements 41 are used, and these thermoele- 
ments 41 are mounted in contact with the fixing surface 
plate 4c. The thermoelements 41 have the characteris- 
tic that they absorb heat from their upper face sides and 
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emit heat from their lower face sides when a plus cur- 
rent is passed through them and absorb heat from their 
lower lace sides and emit heat from their upper face 
sides when a minus current is passed through them. 

Feed wires 42 of the thermoelements 41 are con- . 
nected to an outside controller 7. The controller 7 has a 
DC power supply circuit and a control circuit, and the 
control circuit includes means for freely setting a prepa- 
ration temperature, a machining temperature (cooling 
temperature) and a fixing release temperature (heating 
temperature) according to the nature of the machining 
and supplying currents of polarity and size correspond- 
ing to these set temperatures. 

Since thermoelements 41 are being used, as 
descrtoed above, heat is emitted from the lower face 
sides of the thermoelements 41 and this heat is trans- 
mitted through the base 4a to the work table 1 during 
machining. To remove this heat, a heat removing cool- 
ing mechanism 4e is disposed in the vicinity of the ther- 
moelements 41 . This heat removing cooling mechanism 
4e uses circulating cooling water, and in the example 
shown in Fig. 1 is constructed as a core; a supply pipe 
43 and a return pipe 44 serving this heat removing cool- 
ing mechanism 4e are connected to a cooling water 
supply apparatus 8. 

The machining liquid supplying means 3 has a noz- 
zle 30 for supplying machining liquid to the machining 
point and a machining liquid supplying apparatus 31 for 
supplying machining liquid to the nozzle 30, and prefer- 
ably a cooled compressed air supplying apparatus 32 is 
connected to the machining liquid supplying apparatus 
31 system by way of a regulating valve 320. 

The reference numeral 9 denotes recovering 
means for recovering the macromolecular freezing 
agent 6, and is made up of a channel-shaped or con- 
duit-shaped receiver 90 surrounding the fixing surface 
plate 4c, a first water tank 91 connected to this receiver 
90 by a passage element 93 such as a hose, and a sec- 
ond water tank 92 connected to an upper part of the first 
water tank 91. The second water tank 92 is f illed with 
water (besides industrial-use water this may be water 
containing antifreeze or solvent) 910 at a temperature 
higher than the freezing point of the macromolecular 
freezing agent 6, and the second water lank 92 is filled 
with water 920 at a temperature lower than the freezing 
point of the macromolecular freezing agent 6. 

Fig. 2 shows a different example of the freezing 
type chuck device 4; this freezing type chuck device is 
the same as that shown in Rg. 1 except that the heat 
removing cooling mechanism 4e through which cooling 
water circulates is not a core but rather a passage. - 

Fig. 3 illustrates a second example of a freezing 
chuck type machining method according to the inven- 
tion. In this example also, a workpiece 5 is fixed directly 
to a fixing surface 40 for machining. 

In this second example, as the medium controlling 
the temperature of the fixing surface plate 4c of the 
freezing type chuck device 4, instead of electricity-heat 
converting elements, a fluid is used. This is based on 



freezing the macromolecular freezing agent 6 whose 
freezing point is higher than that of water, and has the 
merit of enabling the apparatus to be made simple and 
cheap. 

5 Accordingly, the temperature controlling means 4d 
of the f ixing surface plate 4c of this freezing type chuck 
device 4 consists of a core 45 having inside it a fluid 
passage 450 and having its upper part in contact with 
the underside of the f ixing surface plate 4c. Of course 
w this may alternatively a snaking passage instead of a 
core. 

An inlet pipe 456 and a discharge pipe 457 con- 
nected to the core 45 project to the outside through the 
base 4a or the support plate 4b and are respectively 
15 connected by joints to a supply pipe 450 and a return 
pipe 451 , and the supply pipe 450 and the return pipe 
451 are connected to a circulating type cooling appara- 
tus 10 for freezing the macromolecular freezing agent. 
The circulating type cooling apparatus 10 has a 
20 tank 100 having a refrigerating coil and also has a deliv- 
ery pump 101; opening and dosing valves 452, 453 of 
electromagnetic or other type are disposed in the supply 
pipe 450 and the return pipe 451 respectively, and 
upstream of these valves the supply pipe 450 and the 
25 return pipe 451 are connected to each other by way of a 
relief valve 454. 

The supply pipe 450 and the return pipe 451 are 
respectively branched downstream of the opening and 
closing valves 452, 453 into a branch supply pipe 450' 
30 and a branch return pipe 451 ' connected to a circulating 
type warm water supplying apparatus 1 1 for unfreezing 
the macromolecular freezing agent 

This circulating type warm water supplying appara- 
tus 1 1 has a warm water tank 110 having a heater and 
35 also has a warm water delivery pump 111; opening and 
closing valves 452\ 453' of electromagnetic or other 
type are disposed in the branch supply pipe 450* and 
the branch return pipe 451', and upstream of these 
valves the branch supply pipe 450' and the branch 
40 return pipe 451 ' are connected to each other by way of 
a relief valve 454*. 

In this example the opening and closing valves 452, 
453 and 452', 453' are each separate, but of course they 
may alternatively be constituted by three position switch 
45 valves. 

The rest of the construction of the example shown 
in Rg. 3 is the same as that of the first example shown 
in Rg. 1 , and therefore the same parts have been given 
the same reference numerals and a description thereof 
so will be omitted. 

In the example of Fig. 3. as an element of the tem- 
perature controlling means 4d, a circulating type warm 
water supplying apparatus 1 1 is used, but this appara- 
tus is not always necessary. Rg. 4-A and Rg. 4-B show 
55 an example wherein the second example described 
above is simplified and the freezing type chuck device 4 
itself can be used as an easily movable jig. 

The inlet pipe 456 and the discharge pipe 457 
project to the outside through the base 4a or the support 
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plate 4b and have plugs on their ends for mating with 
quick connecting couplings. The supply pipe 450 and 
the return pipe 451 of the circulating type cooling appa- 
ratus 10 respectively have quick connecting couplings 
458, 459 on their ends so that they can be instantane- s 
ously connected to and disconnected from the inlet pipe 
456 and the discharge pipe 457. The rest of the con- 
struction of this example is the same as that of the sec- .... 
ond example shown in Fig. .3, and therefore the same 
parts have been given the same reference numerals w 
and a description thereof will be omitted. 

In this invention, it is essential that the macromo- 
lecular freezing agent 6 have the property that its freez- 
ing point is higher than that of water by as much as 
possible and that it freezes at room temperature or at a is 
temperature higher than room temperature. Preferably, 
in addition to this, it has the properties that its affinity for 
water is low (it exhibits water repellency) and its specific 
gravity is lower than that of water. 

Typical examples of this Wnd of macro molecular so 
freezing agent 6 include silicone resin, silicone oil such 
as for example low molecular weight silicone oil or cyclic 
silicone oil, and agents mainly consisting of this. 

This silicone oil has as a frame siloxane bonds 
wherein silicon and oxygen are lined up alternately and 25 
its molecules are lined up in chains, and there are 
methyl (methyl polysiloxane, phenyl polysiloxane) and 
methyl phenyl (methyl phenyl polysiloxane) .types 
including methyl groups and phenyl groups as organic 
radicals. 30 

Low molecular weight silicone oil and cyclic silicone 
oil have the property of freezing at temperatures near 
room temperature, their thermal stability is also good 
and they also have the merit of having the characteris- 
tics of resistance to chemicals, resistance to oxidation 35 
and electrical insulatiyity. 

This macromolecular freezing agent 6 is normally 
of liquid form or a form close to this. When it is in this 
form, before machining the macromolecular freezing 
agent 6 can be coated onto the fixing surface 40 or the 40 
underside of the workpiece 5 or onto both the f ixing sur- 
face 40 and the workpiece 5. The film thickness is not 
limited, and an ample fixing effect can be obtained even 
with a thickness of a few microns. 

Fig. 5-A through Rg. 5-C show stage by stage a 45 
method of fixing the workpiece 5 to the fixing surface 
plate 4c using a liquid form macromolecular freezing 
agent 6 and carrying out machining. 

When machining is to be carried out, the fixing sur- 
face 40 of the f ixing surface plate 4c is kept at a temper- so 
ature higher than the freezing temperature of the 
macromolecular freezing agent. Then, as shown in Fig. 
5-A, liquid form macromolecular freezing agent 6 is 
coated onto the fixing surface 40 by any method such as 
with a brush or a roller or by spraying to form a macro- 55 
molecular freezing agent film on the fixing surface 40. 
Of course, the macromolecular freezing agent 6 may 
also be coated onto the underside of the workpiece 5. 
Then, the workpiece 5 is placed on this macromo- 



lecular freezing agent film and after suitable adjustment 
of its position and orientation is carried out the temper- 
ature controlling means 4d is operated and reduces the 
temperature of the fixing surface 40 to a temperature 
lower than the freezing point of the macromolecular 
freezing agent 

In the case of the first example described above this 
is carried out by a plus current being passed through the 
thermoelements 41 from the controller 7 and the heat 
removing cooling mechanism 4e being operated at the 
same time, and in the case of the second example 
described above it is carried out by the opening and 
dosing valves 45?, 453' being closed and the opening 
and closing valves 452, 453 being opened and fluid 
being circulated from the circulating type cooling appa- 
ratus 10 through the supply pipe 450 to the core 45 and 
returned to the circulating type cooling apparatus 10 
through the return pipe 451. In the third example 
descrfoed above it is carried out by the supply pipe 450 
and the return pipe 451 of the circulating type cooling 
apparatus 10 being connected to the inlet pipe 456 and 
the discharge pipe 457 by means of the quick connect- 
ing couplings 458, 459. 

As a result of this the macromolecular freezing 
agent 6 changes from the liquid phase to the solid 
phase by freezing and the workpiece 5 is strongly 
adhered to the fixing surface 40 by molecules of frozen 
macromolecular freezing agent 6'. 

Here, 'a temperature lower than its freezing point/ 
means a temperature such that the frozen molecules of 
the macromolecular freezing agent bond finely and the 
fixing strength (holding strength) resulting from the 
adhesion of the fixing surface 40 and the workpiece 5 
can fully withstand the loads acting on the workpiece 5 
during machining, and in normal cases this is a temper- 
ature at least about 10°C lower than the freezing point 
of the macromolecular freezing agent 6. 

Since the workpiece 5 is now fixed, the machine 
tool is operated and a machining process is carried out 
on the workpiece 5 using a tool 2, as shown in Fig. 5-B. 
At this time, machining liquid is supplied to the contact- 
ing parts of the tool 2 and the workpiece 5 from the 
machining liquid supplying means 3. 

This may be carried out by delivering machining liq- 
uid cooled to any temperature below the freezing point 
of the macromolecular freezing agent 6 through the 
nozzle 30 or by mixing cooled compressed air at for 
example a temperature below 0°C and a pressure of 5 
to Tkg/cm 2 from the cooled compressed air supplying 
apparatus 32 with the machining liquid and spraying this 
from the nozzle 30 as a mist. 

In the case of the latter method, because when the 
water is atomized it loses heat of vaporization, the cool- 
ing effect is higher, and with a small flow of machining 
liquid of for example 2l/min or less it is possible to obtain 
an effect equivalent to the cooling effect of a flow of 
machining liquid of about 101/imin or more used in the 
case of a mechanical chucking method. 

Even if machining liquid at over 0°C is used, 
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because the frozen macromolecular freezing agent 6' 
has water repeilency, the frozen macromolecular freez- 
ing agent 6' is not melted by the machining liquid and its 
frozen state is maintained and the workpiece 5 is kept 
firmly fixed. Consequently, due to the machining liquid, s 
heat of working is carried away and machining waste 
and detached grindstone particles are smoothly 
removed from the areas being machined, the lubrication 
between the workpiece 5 and the tool 2 is also good and 
it is possible to obtain good machined surface states to 
and accuracy. 

Also, even if a machining liquid mixed with cooled 
and compressed air as described above freezes and 
becomes ice during machining, because the frozen 
macromolecular freezing agent 6' has water repeilency, 
ice does not freeze and accumulate on the surface of 
the workpiece 5, and the tool 2 and the flange or man- 
drel of the tool 2 are not damaged and are kept in a 
clean state. 

When the machining process is finished, the tem- 
perature controlling means 4d is operated and the tem- 
perature of the fixing surface 40 is returned to a 
terrperature higher than the freezing point of the macro- 
molecular freezing agent. 

In the case of the first example descnbed above this 
is carried out by a minus current being passed through 
the thermoelements 41 from the controller 7, and in the 
case of the second example described above it is car- 
ried out by the opening and closing valves 452, 453 
being closed and the opening and dosing valves 452 f , 
453' being opened and warm water at a temperature 
above the freezing point of the macromolecular freezing 
agent being circulated from the circulating type warm 
water supplying apparatus 11 through the branch sup- 
ply pipe 450' and the supply pipe 450 to the core 45 and 
returned to the circulating type warm water supplying 
apparatus 11 through the return pipe 451 and the 
branch return pipe 45V. In the case of the third example 
described above, it is carried out by the operation of the 
circulating type cooling apparatus 10 being stopped, the 
inlet pipe 456 and the discharge pipe 457 being discon- 
nected from the supply pipe 450 and the return pipe 451 
means of the quick connecting couplings 458, 459, and 
the fixing surface plate 4c of the freezing type chuck 
device 4 being exposed to a room temperature atmos- 
phere. 

In all of these cases, because as a result of the 
operation described above the macromolecular freezing 
agent 6 returns from the solid phase to the liquid phase, 
the f ixing of the workpiece is released and the machined so 
workpiece 5* can be removed from the fixing surface 40 
as shown with a large arrow in Fig. 5-C. 

The macromolecular freezing agent 6 having thus 
returned to the liquid phase is then swept off the fixing 
surface 40 together with chips and detached grindstone 55 
particles and so on with a suitable scraper or the like. 

In the first through third examples described above, 
because the receiver 90 is disposed around the fixing 
surface plate 4c, the macromolecular freezing agent 6 is 



fed by this receiver 90 into the first water tank 91. This 
first water tank 91 is filled with water 910 at a tempera- 
ture higher than the freezing point of the macromolecu- 
lar freezing agent 6. Because the macromolecular 
freezing agent 6 has a lower specific gravity than water 
and has no affinity for water it separates from the water 
910 and floats on the surface as shown in Rg. 5-C, and 
since chips and detached grindstone particles 2 settle 
at the bottom of the first water tank 91 they can be easily 
separated. 

Then, if the macromolecular freezing agent 6 is 
transferred from the first water tank 91 to the second 
water tank 92, since the second water tank 92 contains 
the water 920 at a temperature lower than the freezing 
point of the macromdecuiar freezing agent 6, the mac- 
romolecular freezing agent 6 freezes while floating on 
the surface of the water 920. Therefore, this macromo- 
lecular freezing agent 6 can be recovered by being 
scooped out of the second water tank 92 with a net or 
the like and can be reused. 

However, the macromolecular freezing agent 6 of 
this invention is not limited to liquid form or a form dose 
to liquid form. That is, it may alternately be of cream 
form or paste form In this case, on freezing it forms not 
a film but a supporting block of large volume and can 
firmly fix the workpiece 5 by adhesion. 

A cream form or paste form macromolecular freez- 
ing agent of this kind is preferably made by adding a vis- 
cosity adjuster consisting of solid partides to a base (for 
example silicone oil) and kneading this. The solid parti- 
des should be a powder and particularly one whose 
average particle diameter is 1 0jim at the most, and pref- 
erably is a fine powder of average particle diameter 
below 1|im and more preferably of average particle 
diameter below O.Sjim. 

The material of the solid particles is not limited, but 
generally preferable examples indude earth powders 
such as (flatomaceous earth, rice and wheat powders, 
starch and coral powders, wood ash, ash from burning 
40 paper or f toers. white carbon, zeolite and fly ash. Also, 
solid partides obtained by powdering any of the follow- 
ing can be used: ceramics, silicon, ferrite, carbon, 
graphite, glass, stone, quartz, plastic, cotton, wood, 
pulp, paper, and metals such as iron, copper and alumi- 
45 num and their oxides. 

For example, powders of diatomaceous earth and 
rice and wheat and starches can be recommended 
since because they consist of fine partides and have 
low specific gravities they can be uniformly dispersed in 
a base component (for example silicone oil) and do not 
readily separate, and furthermore they are cheap. How- 
ever, other solid partides can also be easily used if they 
are mixed immediately before coating. It is also possible 
to use two or more of the above-mentioned solid parti- 
des mixed. Also, besides the solid partides a small 
amount of a liquid substance for promoting separation 
of the macromolecular freezing agent from the work- 
piece during washing of the workpiece after machining, 
for example a surface active agent, may be added. 
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As well as increasing the viscosity of the macromo- 
lecular freezing agent the solid particles function as an 
aggregate in the same way as in the case of mortar or 
concrete when the macromolecular freezing agent is 
frozen, and the strength of the macromolecular freezing 
agent when frozen increases substantially in proportion 
to the amount of solid particles added. Therefore, at 
least about 5wt% of sole! particles are preferably added 
to the silicone oil constituting the base component 
However, when the amount of solid particles added is 
too great although the strength of the macromolecular 
freezing agent when frozen is high, its fluidity before 
freezing becomes poor and consequently it becomes 
difficult to apply. Therefore, an upper limit on the added 
amount of solid particles is preferably made 50%. Gen- 
erally, the ratio of sflicone oil to solid particles (powder) 
should be set in the range (9:1) to (5. 1 :4.9), and accord- . 
ing to this blend ratio of solid particles the form of the . 
macromolecular freezing agent changes from close to a 
liquid to cream form to paste form. 

This kind of cream form or paste form macromo- 
lecular freezing agent can be used on its own or 
together with the liquid form macromolecular freezing 
agent discussed above. Fig. 6-A through Fig. 6-D show 
some examples of this. In these figures, to facilitate 
understanding, liquid form macromolecular freezing 
agent is shown with the number 60 and cream form or 
paste form macromolecular freezing agent is shown 
with the number 600. 

In Fig. 6-A, liquid form macromolecular freezing 
agent 60 is interposed between the underside of the 
workpiece and the fixing surface 40 and cream form or 
paste form macromolecular freezing agent 600 is 
coated so that it connects the side faces 51 of the work- 
piece 5 and areas of the fixing surface 40 within a pre- 
determined distance from these side faces 51 so that 
the shape of the cross-section of the cream form or 
paste form macromolecular freezing agent 600 is 
roughly triangular. This state is suitable for machining 
wherein the workpiece is ground or polished. 

In Fig. 6-B, cream form or paste form macromo- 
lecular freezing agent 600 is coated not only so that it 
connects the side faces 51 of the workpiece 5 and areas 
of the fixing surface 40 within a predetermined distance 
from these but also so that it covers the top surface 52 
of the workpiece 5. This state is suitable for machining 
wherein the workpiece is cut into thin slices. That is, 
when slice cutting has been carried out not only are the 
resulting thin slices of work adhered to the fixing surface 
40 by the areas of their end faces but also they are held 
by macromolecular freezing agent connecting their end 
faces and their top surfaces in the shape of a bridge. 

In Fig. 6-C, cream form or paste form macromo- 
lecular freezing agent 600 is coated between the under- 
side of the workpiece 5 and the fixing surface 40 and is 
also coated so that it connects the side faces 51 of the 
workpiece 5 and areas of the fixing surface 40 within a 
predetermined distance from these. This state has the 
merit that even in cases wherein penetrative machining 



such as cutting or boring is to be carried out, because 
the cream form or paste form macromolecular freezing 
agent 600 between the underside of the workpiece 5 
and the fixing surface 40 functions as an allowance 

s plate, it is possible to dispense with an allowance plate, 
which will be further discussed later. 

In Fig. 6-D, by cream form or paste form macromo- 
lecular freezing agent 600 being coated between the 
underside of the workpiece 5 and the fixing surface 40 

10 and between the side faces 51 and the fixing surface 40 
and also so that it covers the top surface 52 of the work- 
piece 5. the entire workpiece 5 is wrapped in cream 
form or paste form macromolecular freezing agent 600. 
This state has the merit that the effect of the state 

is shown in Fig. 6-D and the effect of the state shown in 
Fig. 6-B are both obtained. 

A cream form or paste form macromolecular freez- 
ing agent 600 is also useful in cases wherein a part of a 
workpiece 5 is to be machined such as in machining an 

20 E-type ferrite core, which will be further discussed later, 
by filling spaces around the area being machined and 
preventing damage caused by machining forces. 

A cream form or paste form macromolecular freez- 
ing agent 600 can be coated by any means, for example 

25 brush coating, spatula coating or extrusion using an 
extrusion gun. 

As mentioned above, the workpiece 5 may consist 
of a workpiece proper and an allowance plate. Fig. 7-A 
to Fig. 7-C show this in detail. The reference numeral 5b 

30 denotes an allowance plate of a hardness such that it 
does not obstruct machining by the tool 2, and generally 
a carbon or graphite plate is used. This allowance plate 
5b is supported on the fixing surface 40 with macromo- 
lecular freezing agent therebetween, and the actual 

35 workpiece that is the object of the machining (shown 
here with the reference numeral 5a) is supported on the 
top of the allowance plate 5b with macromolecular 
freezing agent therebetween. The support plate 4b has 
an area the same as or greater than that of the work- 

40 piece 5a 

Fig. 7-A shows an example wherein a liquid form 
macromolecular freezing agent 60 is used. In Fig. 7-B, 
liquid form macromolecular freezing agent 60 is inter- 
posed between the allowance plate 5b and the fixing 

45 surface 40 and the workpiece 5a is disposed on the 
allowance plate 5b with a coating of liquid form macro- 
molecular freezing agent 60 therebetween, and also the 
side faces 51 of the workpiece 5a and the allowance 
plate 5b or the fixing surface 40 are connected by cream 

so form or paste form macromolecular freezing agent 600. 
In Fig. 7-C, the top surface 52 of the workpiece 5a is 
also covered with cream form or paste form macromo- 
lecular freezing agent 600. and this is connected to 
cream form or paste form macromolecular freezing 
55 agent 600 on the workpiece side faces 51 . 

Fig. 8-A through Fig. 8-D illustrate another form of 
the invention, that is, an example of a method suitable 
for successively machining numerous workpieces 5 on 
a single machine tool. 
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In this method each workpiece 5 is not directly fixed 
to a fixing surface of a freezing type chuck device 4 but 
rather a pallet 14a is used separately as a jig and the 
workpiece 5 is f ixed to this by means of a macromolecu- 
lar freezing agent 6 and this pallet 1 4a is fixed to the fix- 
ing surface 40, and there is the merit that fixing and 
releasing of the workpiece 5 can be carried out more 
efficiently. 

Explaining this in detail, a plurality of pallets 14a, 
1 4a are used and a freezing type chuck device 4 of any 
of the first through third examples described above is 
used, and separately from this a precpoler 13 is 
installed off the machine tool. 

The pallets 14a, 14a are made of a material having 
good thermal conductivity, for example aluminum or alu- 
minum alloy, and are plate-shaped or are pan-shaped 
having a peripheral wall around the edge, and each has 
an area large enough for a plurality of workpieces 5 to 
be disposed on it. 

The precooler 13 has a construction wherein a 
cooling plate 131 is mounted on a base 130 made of a 
thermally insulating material and a core 132 having a 
passage for a cooling fluid such as water is disposed in 
contact with the underside of the cooling plate 131. and 
a fluid supply pipe 133 and a fluid return pipe 134 are 
connected to a circulating type cooling apparatus 13a of 
the same kind of construction as the cooling water sup- 
ply apparatus 8 of the first example or the circulating 
type cooling apparatus 10 of the third example. 

Explaining a machining method according to this 
form of the invention from an initial stage thereof, in the 
freezing type chuck device 4, when water is used as the 
pallet fixing medium, the temperature of the fixing sur- 
face 40 is raised by the temperature controlling means 
4d to a temperature higher than the freezing point of 
water. Meanwhile, in the precooler 13, the circulating 
type cooling apparatus 13a is operated and a cooling 
fluid is circulated through the supply pipe 133 and the 
return pipe 134 to the core 132 and the cooling plate 
131 is kept at a temperature lower than the freezing 
point of the macromolecular freezing agent, for example 
1to5°C. 

Then, as shown in the right hand side of Fig. 8-A, a 
macromolecular freezing agent 6 is coated onto the top 
face of a pallet 14a having a temperature higher than 
the freezing point of the macromolecular freezing agent 
or the macromolecular freezing agent 6 is coated onto 
one or a plurality of workpieces 5 and the workpieces 5 
are placed on the top face of the pallet 14a. 

This pallet 14a is then placed on the cooling plate 
131 of the precooler 13. As a resutt, by way of the pallet 
14a the macromolecular freezing agent 6 is cooled to a 
temperature lower than its freezing point and conse- 
quently the workpieces 5 are strongly f ixed to the pallet 
14a by an adhering force of frozen macromolecular 
freezing agent 6*. 

The pallet 14a with the workpieces 5 thus fixed 
thereto by the frozen macromolecular freezing agent 6' 
is then placed on the fixing surface plate 4c of the freez- 



ing type chuck device 4. In the meantime, water has 
been coated onto the f ixing surface 40 of the fixing sur- 
face plate 4c by spraying or the like. The temperature 
controlling means 4d is then operated by the controller 

5 7, and the temperature of the fixing surface 40 is 
reduced to a predetermined temperature below the 
freezing point of water, for example -3°C, and held at 
this temperature. As a result, the pallet 14a with the 
workpieces 5 fixed thereto by the frozen macromolecu- 

10 far freezing agent 6' is fixed to the fixing surface plate 4c 
by ice. 

This completes the preparation for machining, and 
machining can now be carried out with a tool 2 while 
machining liquid is supplied to the tool 2 and the part of 

is the workpiece 5 being machined by the machining liquid 
supplying means 3 as described above. 

In this case, the temperature of the machining liquid 
is preferably below •3°C, but because in this invention 
only a small flow of machining liquid need be used and 

20 furthermore the thermal insulativity of the frozen macro- 
molecular freezing agent 6' itself is high, increase in the 
temperature of the pallet 1 4a is suppressed. Because of 
this, even if the temperature of thie machining liquid is 
above 0°C, since the amount of heat absorbed from the 

25 fixing surface 40 by the freezing type chuck device 4 is 
much greater than the amount of heat from the machin- 
ing liquid tending to raise the temperature of the work- 
pieces 5 and the pallet 14a, the pallet 14a does not 
detach from the fixing surface plate 4c. Also, when the 

30 workpieces 5 are made of a ceramic or plastic, because 
they themselves are thermally insulating, detachment of 
the pallet 14a is prevented even more certainly. 

In the meantime, macromolecular freezing agent 6 
is coated as described above onto another pallet 14a, 

35 and workpieces 5 to be machined in the next cycle are 
placed on this pallet 14a. This is the state shown in Fig. 
8-A. 

Then, this pallet 14a is placed on the cooling plate 
1 31 of the precooler 13 kept at a temperature below the 

40 freezing point of the macromolecular freezing agent 6 
and as a result the workpieces 5 are fixed to the pallet 
14a, and this pallet 14a stands by in this state. This is 
the state shown in Fig. 8-B. 

When machining with the freezing type chuck 

45 device 4 is finished, the controller 7 operates the tem- 
perature controlling means 4d to raise the temperature 
of the fixing surface 40 and return it to the above-men- 
tioned preparation temperature (1°C) or a temperature 
1°C higher than this. As a result, the pallet 14a holding 

so the machined workpieces 5 can be removed from the 
freezing type chuck device 4. This state is shown in Fig. 
8-C. 

Then, if water is sprayed on the fixing surface 40 
and the pallet 14a of the next lot standing by on the 
55 cooling pfate 131 of the precooler 13 is set on the fixing 
surface 40 and the temperature controlling means 4d is 
again controlled by the controller 7 to lower the temper- 
ature of the fixing surface 40 to the temperature for 
freezing, the next machining process can be started 
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immediately and also the workpieces of the following lot 
can be set on a pallet with macromolecular freezing 
agent therebetween and this pallet set on the precooler 
13 to fix these worrpieces in preparation for their 
machining. $ 

In this method, because the workpieces 5 are f ixed 
to the pallet 14a by a macromolecular freezing agent 6 
having a high freezing point, the precooler 13 can be of 
a low cooling capacity and therefore it is possible to 
greatly reduce equipment costs, and because rt is not 10 
water that is being frozen it is not necessary to coat anti- 
freeze on the underside of the pallet and the operation 
is easy. 

Also, although water is being used as a freezing 
medium in the freezing type chuck device 4, because is 
the controlling temperature change can be made a 
small change of about 5°C, the time taken for chucking 
and releasing workpieces with respect to the freezing 
type chuck device 4 can be made an extremely short 
fame of 10 to 15 seconds. 20 

Furthermore, since even after they have been 
removed from the freezing type chuck dance 4 the 
workpieces 5 are kept fixed to the pallet 14a by the fro- 
zen macromolecular freezing agent 6' having a high 
freeing point they do not fall off the pallet as a result of 25 
vixatxxi or the like and handling such as carrying of the 
workpieces at this time is easy. 

After this it is only necessary to wash the work- 
pieces 5, and at this time recovery of the macromolecu- 
lar freezing agent 6 can also be carried out 30 
simultaneously, making use of its properties of having a 
specific gravity lower than that of water and having no 
affinity for water and having a freezing point higher than 
that of water. 

That is, for example as shown in Fig. 8-D, means 9' 35 
for washing and recovering this macromolecular freez- 
ing agent 6 has a first water tank 91 containing water 
(which may contain a solvent) 910 held at a temperature 
higher than the freezing point of the macromolecular 
freezing agent by means of heating means 91 2 such as 40 
a heater and has a second water tank 92 containing 
water 920 kept at a temperature lower than the freezing 
point of the macromolecular freezing agent by means of 
a cooling mechanism 922, and the first water tank 91 is 
provided with a takeoff part 914 disposed at a higher 45 
level than the surface of the water in this first water tank 
91. 

When this means is used, a pallet 14a removed 
from the freezing type chuck device 4 is dropped into 
the first water tank 91 . When this is done, because the so 
water 910 in the first water tank 91 is at a temperature 
higher than the freezing point of the macromolecular 
freezing agent the fixing of the workpieces 5 is quickly 
released and the workpieces 5 are washed by the water 
910, and chips and detached grindstone particles and 55 
so on settle at the tank bottom because their specific 
gravities are large and are removed through a discharge 
part 915. After being left for a while after washing, the 
water 910 and the macromolecular freezing agent 6 



separate and the macromolecular freezing agent 6 
forms a thick f flm floating on the surface of the water. 

If a valve of the takeoff part 914 is then opened, 
because the macromolecular freezing agent 6 is molten 
and therefore fluid it flows into the second water tank 92, 
and since the water 920 in this second water tank 92 is 
at a temperature lower than the freezing point of the 
macromolecular freezing agent the macromolecular 
freezing agent 6 instantaneously freezes at the surface 
of the water 920. ft is then only necessary to scoop out 
this frozen macromolecular freezing agent 6' with suita- 
ble takeout means 93 such as a net or a scoop and 
transfer it to a container for reuse. 

The washing and recovery means may of course 
have inside it carrying means such as a conveyor. 

In the above description, a liquid macromolecular 
freezing agent is used as the macromolecular freezing 
agent 6, but this is just an example and the method also 
of course includes the use of liquid and cream or paste 
form macromolecular freezing agents of the kind shown 
in Rg. 6-A through Fig. 6-D and Rg. 7-A through Fig. 7- 
C in combination and the use of a cream form or paste 
form macromolecular freezing agent alone. In these 
cases, the fixing surface 40 shown in Fig. 6-A through 
Rg. 6-D and Rg. 7-A through Rg. 7-C may be read as 
the top surface of the pallet 14a. 

Instead of water, the macromolecular freezing 
agent 6 may be used as the medium for fixing the pallet 
to the freezing type chuck device 4. In this case, the 
macromolecular freezing agent 6 is coated onto the fix- 
ing surface plate 4c of the freezing type chuck device 4 
and the pallet 14a is set on this and the fixing surface 40 
of the fixing surface plate 4c is cooled by the tempera- 
ture controlling means 4d to a temperature below the 
freezing temperature of the macromolecular freezing 
agent 6 and the pallet 1 4a is fixed by the resulting freez- 
ing of the macromolecular freezing agent 6. 

When a pallet is used, the fixing surface plate 4c of 
the freezing type chuck device 4 may be further pro- 
vided with a vacuum chuck mechanism. In this case, the 
pallet 14a can be fixed to the fixing surface plate 4c 
more certainly and can be released more quickly. 

Rg. 9 illustrates another form of the invention suita- 
ble for machining workpieces successively. In this form 
of the invention, pallets are not used and the freezing 
type chuck device 4 itself is used as an interchangeable 
jig, and there is the merit that fixing and releasing of 
workpieces 5 can be carried out efficiently and cheaply. 

In this case, two or more fluid circulating type freez- 
ing type chuck devices of the kind shown in Rg. 4-A and 
Rg. 4-B are used as freezing type chuck devices 4, and 
a first circulating type cooling apparatus 10a and a sec- 
ond circulating type cooling apparatus 10b of the kind of 
construction shown in Rg. 4-A and Rg. 4-B are respec- 
tively disposed on or near a machine tool A and off the 
machine tool A. 

In the case of this method, a first freezing type 
chuck device 4 is disposed off the machine tool and one 
or a plurality of workpieces 5 are disposed on the fixing 
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surface 40 of this freezfrig type chuck device 4 with 
macromolecular freezing agent 6 therebetween. 

Then, the inlet pipe 456 and the discharge pipe 567 
of the first freezing type chuck device 4 are connected 
by means of the quick connecting couplings 458. 459 to 
the supply pipe 450 and the return pipe 451 .of the sec- 
ond circulating type cooling apparatus 10b disposed off 
the machine tool: The second circulating type cooling 
apparatus 10b is then operated and by cooling fluid 
being circulated through the passage of the freezing 
type chuck device 4 the macromolecular freezing agent 
6 is cooled to a temperature below its freezing point, for 
example a temperature in the range 2 to 5°C. This fixes 
the workpiece 5 and adheres it firmly to the fixing sur- 
face 40 of the first freezing type chuck device 4. 

Next, the freezing type chuck device 4 is discon- 
nected from the second circulating type cooling appara- 
tus 10b and moved to the work table 1 of the machine 
tool A, and fixed to the work table 1 by means of a con- 
ventional mechanical chuck mechanism^ Also; the^ inlet 
pipe 456 and the discharge pipe 567 are connected by 
means of quick connecting couplings 458, 459 to the 
supply pipe 450 and the return pipe 451 of the first cir- 
culating type cooling apparatus 10a. Because this oper- 
ation is simple and can be carried out in a short time, 
the fixing of the workpiece 5 is not released. 

In this state, machining is carried out on the work- 
piece with a tool (not shown) fitted to the machine tool 
A. During this machining, a workpiece 5 to be machined 
next is disposed on the fixing surface 40 of a second 
freezing type chuck device 4 prepared off the machine 
tool. This second freezing type chuck device 4 is then 
connected by means of the quick connecting couplings 
458. 459 to the supply pipe 450 and the return pipe 451 
of the second circulating type cooling apparatus 10b 
disposed off the machine tool, by subsequent freezing 
of the macromolecular freezing agent 6 the workpiece is 
firmly adhered to the fixing surface 40, and this second 
freezing type chuck device 4 then stands by in this state. 
This state is shown in Rg. 9. 

When machining of the workpiece on the machine 
tool A is finished, the first freezing type chuck device 4 
on the work table is disconnected from the first circulat- 
ing type cooling apparatus 10a and the first freezing 
type chuck device 4 is transferred to an area where 
workpiece removal and washing steps are carried out 
and the second freezing type chuck device 4, which is 
off the machine tool, is disconnected from the second 
circulating type cooling apparatus 10b and disposed on 
the work table 1 and f ixed to the work table 1 by means 
of a conventional mechanical chuck mechanism^jand 
connected to the first circulating type cooling apparatus 
10a by means of the respective quick connecting cou- 
plings 458. 459. Machining of the next workpiece can 
then be started immediately. 

Thereafter, by repeating the operation described 
above it is possible to carrying out successive machin- 
ing of a large number of workpieces efficiently, taking 
full advantage of the merits of the freezing type fixing 
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method. This disposition of the workpiece on the f ixing 
surface 40 of Rg. 9 may be carried out in any of the 
ways illustrated in Rg. 5-A, Rg. 6A through Rg. 6-D and 
Rg. 7-A through Rg. 7-C. 

Preferred Embodiments 

Specific preferred embodiments of the invention will 
now be presented. 

First Preferred Embodiment 

As a macromolecular freezing agent low molecular 
weight silicone oil consisting mainly of cyclic polymethyl 
siloxane was used. 

The characteristics of this macromolecular freezing 
agent were that it was a colorless, transparent liquid of 
viscosity (at 25°C) ^StfrrftS), freezing point 17°C, 
refractive index (at 25°C) 1.394. surface tension 
1 9.0{1 .90}dyrVcm{K/IN/cm} and specific gravity (at 25°C) 
0.95. 

The chucking strength of this macromolecular 
freezing agent when the temperature of the fixing sur- 
face and the workpiece was 5°C. the chyck material 
was copper and the workpiece material was a 
cemented carbide was 11 to ISkg/cm 2 in the vertical 
direction and 8 to ^kg/cm 2 in the shear direction. Thus 
it was found that the workpiece fixing temperature with 
this macromolecular freezing agent should be set to 
5°C or in a temperature range suitably lower than this. 

1) Using this macromolecular freezing agent and 
using a freezing type chuck device of the kind 
shown in Rg. 1 . slice machining of a microwave die- 
lectric ceramic element was carried out. 

2) The fixing surface plate of the freezing type 
chuck device was made of copper and was 
300x150mm in size. 

3) The material of the workpiece was PZT barium 
titanate and its cfimensions as shown in Rg. 10-A 
were 50(W)x50(L)x2(t)mm, and this was made 
5(W)x5(L)x2(Qmm. 

A slicing machine was used as the machine 
tool, and the machining conditions were made: tool: 
resinoid bond diamond grindstone (grade #600). 
tool dimensions: external diameter 100mm. thick- 
ness 0.4mm. tool feed rate: 500mm/min, tool 
speed: SOGOrpm, machining direction: down cut 

4) Before machirring, the temperature of the fixing 
so surface of the fixing surface plate was kept at 20°C, 

the above-mentioned macromolecular freezing 
agent was coated onto the fixing surface in this 
state to a thickness of about 2jim. the workpiece 
was placed on this, a plus current was passed 
55 through the freezing type chuck device and the tem- 
perature of the chucking surface was thereby low- 
ered to 1°C, and this state was maintained. As a 
result the macromolecular freezing agent froze and 
the workpiece was fixed immovably. 
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5) During machining, a needle nozzle of 1mm in 
diameter was used as machining liquid supplying 
means and a grinding liquid cooled to about 3°C 
was directly delivered at about I50cc/min through 
this nozzle at the contacting parts of the workpiece s 
and the tool from in front thereof in the direction of 
advance of the tool. 

6) As a result, the macromolecular freezing agent 
did not melt the workpiece was kept in a stable 
fixed state, there was absolutely no occurrence of 10 
cracking or chipping on the sliced cut faces, and 
clean shear faces were obtained. 

After the machining, the temperature of the fix- 
ing surface was raised to 20°C and the workpiece 
was removed and macromolecular freezing agent 15 
and chips and detached grindstone particles were 
swept off the chucking surface and transferred into 
a first water tank containing water at 20°C. As a 
result of this the macromolecular freezing agent 
separated and floated, and when it was poured into so 
an adjacent second water tank containing water 
kept at 10°C the macromolecular freezing agent 
froze and almost all of it was recovered. 

7) For comparison, the same machining was car- 
ried out by a conventional method. In this case, 25 
water was sprayed onto the fixing surface and the 
workpiece was placed on that and a plus current 
was passed through the freezing type chuck device 

to bring the fixing surface to -10°C and this was 
maintained throughout the machining. This freezed 30 
the water and fixed the workpiece. 

When at the start of machining grinding liquid was 
used under the above-mentioned conditions, the ice 
melted and the f ixing of the workpiece was released and 35 
machining became impossible. In an attempt to avoid 
this, an air mist including about 5% water was sprayed 
at a pressure of Skg/cm 2 onto a part displaced by 180° 
from the part being cut by the tool (the grindstone) and 
air cooled to about -10°C was blown directly at the part 40 
being cut Although this time the ice did not melt, crack- 
ing due to grinding heat occurred in the lower sides of 
the cut surfaces of the sliced workpiece and when 
scratched with a fingernail these surfaces flaked off and 
thus the workpiece was defective and unusable. 45 

Second Preferred Embodiment. . 



10-B). 

2) The machine tool was a fine slicing machine, the 
tool used was a 100mm diameter disc fftted with 
three 10mm long, 1mm thick diamond tools, the tool 
speed was 6000 rpm, the tool feed rate was 
120mrn/min and the machining direction was made 
down cut 

The same macromolecular freezing agent as in 
the first preferred embodiment was used, and a 
fluid-cool ed/heated freezing type chuck device of 
the kind shown in Fig. 3 was used. 

3) For the machining, warm water at 20°C was sup- 
plied to the core of the freezing type chuck device 
from a circulating type warm water supplying appa- 
ratus, the macromolecular freezing agent was 
coated onto the fixing surface to a thickness of 
about 2 urn, the workpiece was placed on this and 
then the liquid circuit was switched so that cold 
water was supplied from a circulating type cooling 
apparatus and the temperature of the fixing surface 
was thereby lowered to 2°C, and this state was 
maintained. As a result the macromolecular freez- 
ing agent froze and the workpiece was fixed immov- 
ably. 

4) A mixture obtained by feeding a water-soluble 
machining liquid (containing antifreeze) cooled to 
about -5°C under pressure at 150cc/min and mixing 
into this 280l/min of air cooled to about -10°C with 
an air cooler was used as the machining liquid, and 
using a 4mm diameter needle nozzle this was 
directly delivered to the machining point from in 
front thereof in the direction of advance of the tool 
at a pressure of about Skg/cm 2 . 

5) As a result the macromolecular freezing agent 
did not melt and the workpiece was kept in a stable 
fixed state, the plastic material sandwiched in the 
middle of the workpiece did not melt at all and the 
cut surfaces of the cut workpiece were mirrorlike 
surfaces of surface roughness below 0.2s. The 
machining liquid did not freeze and form a layer on 
the workpiece during machining, the movement of 
the tool was smooth and the dimensional accuracy 
of the cut product was good. 

6) When for comparison the workpiece was fixed by 
freezing water under the same conditions as in the 
first preferred embodiment and cutting was carried 
out under the machining conditions and machining 
liquid conditions described above, during the 
machining the workpiece came off the chuck and 
machining became impossible. This was because 
although the machining liquid was at a low temper- 
ature below 0°C, because it contained antifreeze 
having a high affinity for water, the ice adhering the 
workpiece to the fixing surface was melted by the 
machining liquid. 

Also, even during the period over which machining 
was possible, water from the machining liquid and from 
the air froze and formed a layer on the workpiece and 



1) A composite material made of aluminum and 
plastic was cut with a machine tool according to the so 
invention. 

The material was a composite of aluminum 
A2011 and epoxy resin, the dimensions of upper 
and lower aluminum sheets of the composite mate- 
rial were 300(W)x200(L)x2(t)mm, and the dimen- ss 
sions of a middle plastic sheet of the composite 
material were 300(W)x200(L)x0.1(t)mm, and the 
overall dimensions of the composite materia) after 
machining were 300(W)x6(L)x4.1(t)mm (see Fig. 
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this made contact with the flange of the tool and conse- 
quently the rotation of the tool became unstable and the 
cutting accuracy fell .... 

Third Preferred Embodiment s 

1) Gap grinding of an E-shaped femte core with a 
thin middle leg was carried out according to the 
invention. - - - — — — - 

The workpiece was of the shape shown in Fig. 10 
11 -A, and its dimensions as shown in Rg. 11-B 
were: height h = 8mm, overall width W = 15mm, 
width W! of the left and right legs = 2mm and thick- 
ness t a thereof = 3mm, width W 2 of the middle le<g = 
7mm and thickness t 2 thereof = 0.6mm. Machining is 
to form a gap g by grinding 0.4mm off the height h 
of the middle leg was carried out to make a product 
of the shape shown in Rg. 11 -D and Fig. 1 1 -E. 

2) The machine tool used was a surface grinding 
machine with a creep function, a 2OOmm0 resinoid 20 
bond diamond grindstone (grade #400) was used 
as the tool and the machining conditions were: 
grindstone speed: 2700rpm, grindstone feed rate: 
600mm/min, machining mode: creep machining, 
down cut. 25 

The same macrornolecular freezing agent as in 
the first preferred embodiment was used, and a 
fluid-cooled/heated freezing type chuck device of 
the kind shown in Fig. 3 was used. 

3) For the machining, the temperature of the fixing so 
surface of the fixing surface plate was kept at 20°C. 
the macrornolecular freezing agent was coated 
onto the fixing surface in this state to a thickness of 
3*im, twenty units of the above-mentioned work- 
.piece were disposed on this in contact with each 35 
'other in a line as shown in Rg. 1 2-A and the spaces 
between the side legs and the middle legs were 
also filled with the macrornolecular freezing agent; 
the freezing type chuck device was then operated 
and the temperature of the chucking surface 40 
thereby lowered to 1°C and this state was main- 
tained. As a result, the macrornolecular freezing 
agent froze and the workpieces were fixed immova- 
bly, and also the spaces between the side legs and 
the middle legs were filled with frozen macromo- 45 
lecular freezing agent and the middle legs were 
thereby reinforced. 

4) During machinrrig, two 1mm diameter needle 
nozzles were used as machining liquid supplying 
means, and grinding liquid cooled to about 3°C was so 
sprayed through these at about 150cc/min directly 
at the grinding point from in front thereof in the 
direction of advance of the grindstone. 

5) As a result, the macrornolecular freezing agent 
did not melt and the workpieces were kept in a sta- 55 
He fixed state, the macrornolecular freezing agent 
filling the gaps between the middle legs and the 
skje legs also did not freeze and the thin middle 
legs remained firmly reinforced by this and fully 



withstood the machining resistance during cutting 
by the grindstone, and it was possible to carry out 
gap machining with good accuracy without any of 
the workpieces breaking. 

6) For comparison, the workpieces were f ixed to the 
fixing surface by freezing water under the same 
conditions as in the first and second preferred 
embodiments, the spaces between the side legs 
.... and the middle legs were filled with ice and gap 
machining was carried out with the conditions set 
forth above, but in this case the ice was melted by 
the machining liquid during machining and the mid- 
dle legs broke and also the f ixing of the workpieces 
themselves was released and machining became 
impossible. 

Fourth Preferred Embodiment " 

1) Cutting machining was carried out using the form 
of the invention wherein pallets are used. 

The same macrornolecular freezing agent as in 
the first preferred embodiment was used. As the 
pallets, two pallets made of aluminum alloy and of 
dimensions 120(W)x130(L)x1O(t)mm were used. 

A freezing type chuck device of the kind shown 
in Rg. 1 was used. A circulating water type pre- 
cooler having cooling plate dimensions of 
100(W)x110(L)x50(t)mm was used as the pre- 
cooler. The material of the workpiece used was 
PZT barium titanate and its dimensions were 
50(W)x50(L)x1(t)mm. 

2) For the machining, the preparation temperature 
of the chucking surface of the freezing type chuck 
device on standby was set to 1 °C and the tempera- 
ture of the top surface of the cooling plate of the 
precooler on standby was kept at 2 to 3°C. 

The macrornolecular freezing agent was 
coated onto a pallet at room temperature to a thick- 
ness of about 2jim and the workpiece was placed 
on this. The pallet in this state was then set on the 
precooler. As a result the macrornolecular freezing 
agent froze and the workpiece became strongly 
fixed to the pallet 

This pallet was set on the f ixing surface at the 
above-mentioned preparation temperature with 
water interposed therebetween, the freezing type 
chuck device was operated to lower the tempera- 
ture of the f ixing surface to -3°C, and this tempera- 
ture was maintained. As a result, the pallet was 
fixed to the fixing surface. 

. .. .A mixture obtained by feeding a water-soluble 
machining ['liquid (containing antifreeze) cooled to 
about -5°C under pressure at 150cc/min and mixing 
into this 280l/min of air cooled to about -1p°C with 
an air cooler was used as the machining liquid, and 
using a 4mm diameter needle nozzle this was 
directly delivered to the machining point from in 
front of the tool at a pressure of about Skg/cm 2 . 
During the machining, the workpiece was kept 
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strongly fixed to the pallet and the pallet was also 
kept firmly fixed to the chucking surface, and conse- 
quently there was no chipping of the cut surfaces 
and clean cut surfaces were obtained. 

3) Meanwhile, during this machining, the workpiece 5 
of the next lot was disposed on a pallet under the 
conditions described above and this pallet was set 
on the precooler at the above-mentioned tempera- 
ture and the workpiece was fixed by freezing of the 
macromolecular freezing agent. 10 

On completion of the above-mentioned 
machining, the temperature of the chuck surface of 
the freezing type chuck device was raised to 2°C, 
whereby the ice was melted and the fixing of the 
pallet was released. is 

After that water was sprayed on the chuck sur- 
face and the pallet which had been set on the pre- 
cooler was set on the fixing surface, the 
temperature of the fixing surface was lowered to - 
3°C and this temperature was maintained. As a 20 
result the pallet was fixed to the fixing surface, and 
the next machining was started. 

4) In this preferred embodiment because the work- 
piece of the next lot was fixed by means of the mac- 
romolecular freezing agent to a pallet at a 25 
temperature exceeding 0°C and furthermore the 
temperature difference for fixing and releasing the 
pallet in the freezing type chuck device 4 was about 
5°C, it was possible to carry out chucking and 
removal of the workpiece with respect to the 30 
machine tool in the extremely short time of ten sec- 
onds. 

5) Also, even when the pallet was removed from the 
freezing type chuck device, because the tempera- 
ture of the pallet at that time was below the freezing 35 
temperature of the macromolecular freezing agent, 

the workpiece was integral with the pallet and han- 
dling was easy. Thereafter, while still fixed to the 
pallet the workpiece was dropped into a first water 
tank containing warm water at 20°C whereby the 40 
workpiece was washed and the macromolecular 
freezing agent was made to separate and float to 
the surface of the water, and this floating molten 
macromolecular freezing agent was then trans- 
ferred to a second water tank containing water at 45 
10°C. In this way, the macromolecular freezing 
agent was made to freeze and could be smoothly 
recovered. 

Fifth Preferred Embodiment so 

1) A samarium cobalt material was sliced with a 
multiple cutting grindstone according to the inven- 
tion. The dimensions of the workpiece were 
50(L)x25(W)x7(t)mm. and this was cut to ss 
50(L)x1 .5(W)x7(t)mm. The machine tod used was 
a slicing machine, and an electrodeposited dia- 
mond ten-Wade mufti -grindstone (grade #280) of 
tod diameter 100mm, thickness 0.4mm and blade 



pitch 2mm was used as the tool. The machining 
conditions were: grindstone speed: 3000rpm, tool 
feed rate: 20mm/min, machining method: down cut. 

2) A freezing type chuck device d the kind shown in 
Fig. 1 with a 240x50mm fixing surface was used. 

For the machining, the temperature of the fixing 
surface was kept at 20°C, and in this state, as 
shown in Fig. 13-A, the macromolecular freezing 
agent of the first preferred embodiment was coated 
onto the fixing surface, a 5mm thick allowance plate 
made of carbon was placed on this, a paste form 
macromolecular freezing agent was coated on this 
allowance plate to a thickness of about 0.1mm, the 
workpiece was placed on that and the paste form 
macromolecular freezing agent was then also 
coated onto the side faces and the top face of the 
workpiece. 

As the paste form macromolecular freezing 
agent a first type made by adding 30wt% of cSa- 
tomaceous earth d average partide diameter 
0.01 nm to the low molecular weight silicone oil of 
the first preferred embodiment and kneading this 
and a second type made by adding 35wt% wheat 
powder to the low molecular weight silicone oil of 
the f'rst preferred embodiment and kneading this 
were used. 

3) A plus current was passed through the freezing 
type chuck device in this state to lower the temper- 
ature of the fixing surface to 1°C, and this state was 
maintained. As a result, the first and second types 
d macromdecular freezing agent froze and the 
workpiece was fixed immovably and wrapped in the 
macromolecular freezing agent 

During the machining, grinding liquid coded to 
about 3°C was sprayed directly at the contacting 
parts of the workpiece and the tool at a flow rate of 
about 151/min. 

4) As a result, during the slicing, notwithstanding 
that the workpiece was cut to a thin thickness of 
1.5mm, there was absolutely no peeling off and 
scattering of the work from the fixing surface and 
the work was kept in a stable fixed state. 

When for comparison the same machining was car- 
ried out with the workpiece fixed using just the liquid 
macromolecular freezing agent d the first preferred 
embodiment about 5% d the workpieces peeled off the 
fixing surface during machining and scattered. 

The reason why these good results were obtained 
with this preferred embodiment is thought to be 
because the strength d the adhesive layer consisting of 
the frozen macromolecular freezing agent was higher 
due to the use d the paste form macromolecular freez- 
ing agent containing a fine powder and because the 
large-volume adhesive layers consisting d this frozen 
macromolecular freezing, agent adhered to the fixing 
surface supported the ends d the workpieces during 
cutting and after cutting and furthermore the adhesive 
layers at the ends connected with the top layer d frozen 
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. macromolecular freezing agent on the top surface of the 
workpiece and formed a bridge. 
• A freezing chuck type machining method according 
to the present invention can be applied to the machining 
of any workpiece, irrespective of shape or material. 

Claims 

1 . A freezing chuck type machining method for fixing 
and machining a workpiece using a freezing type 

... . chuck device having a fixing surface and means for 
controlling the temperature" of the fixing surface, 
which method comprises interposing a macromo- 
lecular freezing agent whose freezing point is 
higher than that of water at least between the work- 
piece and the fixing surface and; fixing the work- 
piece with the macromolecular freezing agent as an 
adhesive medium by cooling the f ixing surface. 

2. A freezing chuck type machining method for f ixing a 
workpiece to a pallet and fixing the pallet to a freez- 
ing type chuck device having a fixing surface and 
means for controlling the temperature of the fixing 
surface and machining the workpiece, which 
method comprises interposing a macromolecular 
freezing agent whose freezing point is higher than 
that of water at least between the workpiece and 

.-the pallet and fixing the workpiece with the macro- 
molecular freezing agent as an adhesive medium 
by cooling the pallet. 

3. A freezing chuck type machining method according 
to claim 1 or claim 2, wherein the workpiece com- 
prises a workpiece proper and an allowance plate. 

4. A freezing chuck type machining method according 
to any one of claims 1 through 3, wherein silicone 
oil or a liquid mainly consisting of silicone oil is used 
as the macromolecular freezing agent 

5. A freezing chuck type machining method according 
tdany one of claims 1 through 3, wherein a cream 
or a paste made by mixing a viscosity adjuster into 
silicone oil is used as the macromolecular freezing 
agent 

6. A freezing type chuck machining method according 
to any one of claims 1 through 3, wherein silicone 
oil or a liquid mainly consisting of silicone oil and a 
cream or a paste made by mixing a viscosity 
adjuster into silicone oil are used as the macromo- 
lecular freezing agent. 

7. A freezing type chuck machining method according 
to claim 5 or claim 6, wherein the cream or paste 
made by mixing a viscosity adjuster into siGcone oil 
is so coated that it connects a peripheral surface of 
the workpiece and the fixing surface. 



flL A freezing type chuck machining method according 
. to claim 5 or claim 6, wherein the cream or a paste 
made by mixing a viscosity adjuster into silicone oil 

is so coated that it connects a peripheral surface 

5 .'j, and a top surface of the workpiece and the fixing 
surface. 

9. A freezing type chuck machining method according 
to any one of claims 4 through 8, wherein the sili- 

10 cone oil is a low molecular weight silicone oil whose 
freezing point is near room temperature. 

1 0. A freezing type chuck machining method according 
to any one of claim 1 and claims 3 through 9, com- 

15 prising preparing at Jeast first and second freezing 
■ . • ■ type chuck devices each having a fixing surface 
4 and a passage for a cooling fluid for controlling the 
temperature of the fixing surface, disposing first and 
second circulating type cooling apparatuses for 
20 supplying cooling fluid respectively in the vicinity of 
a machine tool and in a position off the machine 
tool, and sequentially repeating the following steps: 

a. disposing a wort^iece on the fixing surface 
25 ■ .. • of the first freezing type chuck device with a 

i macromolecular freezing agent interposed 
between the fixing surface and the worl^iece 
and connecting the first freezing type chuck 
■« device to the second circulating type coofing 

30 apparatus disposed in a position ;off the 

machine tool and fixing the workpiece to the 
first freezing type chuck device with the macro- 
molecular freezing agent as an adhesive 
medium by cooling the macromolecular freez- 

.35 ing agent to a temperature below its freezing 

point; 

b. detaching the first freezing type chuck device 
with the workpiece fixed thereto from the sec- 
ond circulating type cooling apparatus and 

40 moving the first freezing type chuck device onto 

a table of the machine tool and mechanically 
fixing it thereto and connecting it to the first cir- 
culating type cooling apparatus and carrying 
out machining while keeping the macromolecu- 

45 lar freezing agent at a temperature below its 

freezing point; 
. c. while carrying out said machining, disposing 
a workpiece to be machined next on the fixing 
surface of the second freezing type chuck 

so device with a macromolecular freezing agent 

interposed between the fixing surface and the 
workpiece and connecting the second freezing 
type chuck device to the second circulating 
type cooling apparatus disposed in a position 

55 off the machine tool and fixing the workpiece to 

the second freezing type chuck device with the 
macromolecular freezing agent as an adhesive 
medium by cooling the macromolecular freez- 
ing agent to a temperature below its freezing 
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point and 

d. after said machining, detaching the first - 
freezing type chuck device from the first circu- 
lating type cooling apparatus and removing it 
from the table of the machine tool and detach- 5 
ing the second freezing type chuck device from 
the second circulating type cooBng apparatus 
and moving it onto the table of the machine tool 
and mechanically fixing it thereto and connect- 
ing it to the first circulating type cooling appara- 10 
tus and carrying out the next machining while 
keeping the macromolecular freezing agent at 
a temperature below its freezing point 

11. A freezing chuck type machining method according is 
to any one of claims 2 through 9, comprising dis- 
posing on a machine tool a freezing type chuck 
device having a fixing surface and means for con- 
trolling the temperature of the fixing surface and 
disposing a precooler in a position off the machine 20 
tool and sequentially repeating the following steps 
using a plurality of pallets: 

a. disposing a workpiece on a first pallet with a 
macromolecular freezing agent interposed 25 
therebetween and fixing the workpiece to the 
first pallet with the macromolecular freezing 
agent as an adhesive medium by placing the 
first pallet on the precooler while holding the 
precooler at a temperature below the freezing 30 
point of the macromolecular freezing agent; 

b. removing the first pallet with the workpiece 
fixed thereto from the precooler and fixing it to 
the fixing surface of the freezing type chuck 
device and carrying out machining; 35 

c. while carrying out said machining, placing a 
workpiece to be machined next on a second 
pallet with macromolecular freezing agent 
interposed therebetween and placing the sec- 
ond pallet on the precooler and cooling it and to 
fixing the workpiece to the second pallet with 
the macromolecular freezing agent as an adhe- 
sive medium; and 

d. after said machining, removing the f irst pallet 
from the freezing type chuck device and remov- 45 
ing the second pallet from the precooler and 
fixing it to the fixing surface of the freezing type 
chuck device. 



18 



EP0 811457A1 




BNSDOCID: <EP 0811457A1_L> 



19 



EP0811457A1 




20 



EP 0 811 457 Ai 



FIG.4-A 

4c 40 456 



46 , 4c 40 456 m ±^ 



40 45 450 id 




450 

FIG. 4 - B 

457 459 




TOo (106) 



4c 40 



TVv 




456 458 450 

FIG. 9 



40 5 



10a (106) 




/T106 



21 



EP0 811 457A1 



FIG. 5- A 
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